The objective of this study was to estimate mean blood pressure (BP), prevalence of hypertension (defined as BP X140/90 mm Hg) and its awareness, treatment and control in the Vietnamese adult population. This crosssectional survey took place in eight Vietnamese provinces and cities. Multi-stage stratified sampling was used to select 9832 participants from the general population aged 25 years and over. Trained observers obtained two or three BP measurements from each person, using an automatic sphygmomanometer. Information on socio-geographical factors and anti-hypertensive medications was obtained using a standard questionnaire. The overall prevalence of hypertension was 25.1%, 28.3% in men and 23.1% in women. Among hypertensives, 48.4% were aware of their elevated BP, 29.6% had treatment and 10.7% achieved targeted BP control (o140/90 mm Hg). Among hypertensive aware, 61.1% had treatment, and among hypertensive treated, 36.3% had well control. Hypertension increased with age in both men and women. The hypertension was significantly higher in urban than in rural areas (32.7 vs 17.3%, Po0.001). Hypertension is a major and increasing public health problem in Vietnam. Prevalence among adults is high, whereas the proportions of hypertensives aware, treated and controlled were unacceptably low. These results imply an urgent need to develop national strategies to improve prevention and control of hypertension in Vietnam.
Introduction
Of 58 million deaths in the world during 2005, noncommunicable diseases were estimated to account for 35 million, twice the deaths from all communicable diseases. Cardiovascular diseases (CVD) were responsible for 30% of all deaths (17.5 million). 1 Hypertension is the disorder most commonly associated with cardiovascular disease worldwide, and is the most important modifiable risk factor for cardiovascular mortality. 2 According to World Health Organization (WHO), 1 each year at least 7.1 million people die as a result of hypertension. The WHO Global Burden of Disease estimates for 2004 showed hypertension as the leading risk factor for mortality (12.7% of deaths attributable), followed by tobacco use (8.7%) and high blood glucose (5.8%). 3 Vietnam, as an emerging economy in WesternPacific region, is facing a double burden of infectious and chronic disease. In the past 10-20 years, in transforming from a planned economy to market forces, the Vietnamese economy has grown rapidly. Changing dietary patterns and lifestyles accompanying economic growth may have affected the prevalence and incidence of atherosclerotic diseases, and hypertension, is becoming an important public health problem in Vietnam. It was the fifth leading cause of hospital deaths and the sixth leading cause of disease in hospitals in 1998, 4 and moved up to the third leading cause of death and the sixth leading cause of disease in hospitals in 2002. 5 Intra-cerebral haemorrhage, hypertension and heart failure were among the ten leading causes of morbidity and mortality in hospitals in 2002. 5 In 2003, the Vietnam National Neurology Institute showed that over a third of cerebrovascular accidents (intra-cerebral haemorrhage, cerebrovascular infarction or transient ischaemic attack) in hospitals were significantly associated with high blood pressure (BP). 6, 7 In 2005, 46% of patients with acute myocardial infarction treated at the Vietnam National Heart Institute were directly associated with hypertension. 8 Vietnam has a generally weak community-based health information system, focusing on hospital databases. Thus, there is little information on hypertension in Vietnam. Population-based data of use to policy makers and health managers are therefore scarce. There was no strategy or model for prevention, early detection and management of high BP at the community level in Vietnam by the time this study concluded in 2008. Hypertensive patients received consultations, treatment and some monitoring in public general hospitals or private polyclinics. Public health prevention activities for cardiovascular risk factors are weak. Any national strategy for prevention and control of hypertension would face double barriers: inadequate populationbased databases for better understanding of the condition and deficiencies in evidence for developing effective community-based intervention models. The objective of this paper is to characterise the prevalence and distribution of hypertension, together with awareness, treatment, and control in the general adult population (25 years and over) in Vietnam, with a view to provide a better evidence base for health planning.
Materials and methods

Sample design
Data for this study were obtained from populationbased surveys on hypertension and its risk factors within the prevention and control of CVD Programme in Vietnam, collected between 2002 and 2008 by the Vietnam National Heart Institute. Multistage stratified sampling methods were used to select a nationally representative sample of the general population aged 25 years and over in Vietnam. Three provinces plus Hanoi city from northern Vietnam, and three provinces plus Ho Chi Minh city from southern Vietnam were selected at the first stage of sampling. Hanoi city and Ho Chi Minh city are the two major cities in Vietnam. They were intentionally included to enable a solely urban sample of subjects to be studied. Three selected provinces in each part of Vietnam were stratified by geographic areas (1) lowland areas: Thai Binh and Dong Thap provinces; (2) coastal areas: Nghe An and Khanh Hoa provinces; (3) highland areas: Thai Nguyen and Daklak provinces. At the second stage of sampling, three rural districts and one urban district were randomly selected from each selected province, and four districts each from Hanoi and Ho Chi Minh cities were randomly selected. Three communes were randomly selected from each selected district in the third stage of sampling. The final stage used a simple random sampling method to select individual participants from the list of all residents aged 25 years and over, both male and female. A total of 10 560 persons was randomly selected from 96 primary sampling units (communes) and invited to participate. Overall, 9823 persons (3853 men and 5970 women) completed the survey and examination. The general response rate was 93.0% (93.1% in men and 93.0% in women; and 93.0% in urban and 93.0% in rural areas). Blood samples were taken from a 1-in-5 sample of participants in Hanoi and Ho Chi Minh cities for laboratory analysis (fasting glucosaemia and lipidaemia profile).
Measurement
Data collection was conducted in local health stations in the participants' areas of residence. The survey teams were medical doctors and nurses from local general district hospitals and from the Vietnam National Heart Institute. Two trained public health nurses performed anthropometry measurements. An interview and physical examination team of 10 doctors performed interviews and examinations using a standard questionnaire based on the WHO Stepwise approach (the surveillance of risk factors for non-communicable disease). 9 Demographic data including age, gender, education, ethnicity and occupation were collected. The interview included questions related to personal and family medical histories of hypertension, smoking, alcohol consumption and salty dietary habits. Information on awareness and drug treatments for hypertension was also obtained. Body weight, height, waist circumference and BP were measured in two times. Anthropometric measurements were performed with the participants wearing light clothing and no footwear. Body weight was measured to the nearest 0.1 kg using a digital scale, and height recorded to the nearest 0.1 cm in the standing position using a portable stadiometer. Waist circumference was recorded to the nearest 0.1 cm, using a constant tension tape, directly over the skin, at the level of the midpoint between the inferior margin of the last rib and the iliac crest in the mid-axillary line. Body mass index was calculated as weight per height squared (kg m À2 ). Underweight, normal weight, overweight and obesity were defined as body mass index ranges of under 18, 18-23, 23-25 and over 25 kg m À2 , respectively. 10 Abdominal fat was defined as a waist circumference over 80 cm in women and over 90 cm in men. 10 The concentrations of glucose, cholesterol, triglyceride, low-density lipoproteins and high-density lipoproteins were determined from blood samples.
All study investigators and staff members successfully completed a training programme that oriented them both to the aims of the study and to the specific tools and methodologies employed. At the training sessions, interviewers were given detailed instructions on administering the study questionnaire. All those recording BP, participated in a special training session on the use of a standardized protocol for measurement. Satisfactory performance during a written test on knowledge for preparing study participants for measuring BP, selecting a correct cuff size (small, medium or large) and using standard techniques for measurement was required.
BP measurements used a common protocol adapted from procedures recommended by WHO Stepwise approach (the Surveillance of risk factors for non-communicable disease) 9 and the Vietnam National Cardiology Association. 11 Automatic sphygmomanometers (OMRON, model SEM-2, Healthcare Inc., Bannockburn, IL, USA) with appropriately sized cuffs were used. BP was measured twice, 1 min apart, with participants in a sitting position after 5 min of rest, in one visit. A third measurement was performed if the difference between the first two was over 10 mm Hg for systolic or diastolic BP. The average of the second and the third BP measurements was used for analyses. In addition, participants were advised to avoid alcohol, cigarette smoking, coffee/tea and exercise for at least 30 min before their BP measurement.
The distribution of BP levels based on categories established in the Sixth Report of the Joint National Committee on detection, evaluation, and treatment of high blood pressure; 12 1999 WHO-International Society of Hypertension Guidelines for the management of hypertension 13 and Vietnam National Cardiology Association's guidelines 11 for prevention, detection, diagnosis and treatment of hypertension are presented. These include six BP levels: optimal, normal, high normal, hypertensive grade 1, hypertensive grade 2 and hypertensive grade 3. Hypertension was defined as an average systolic BP (SBP) X140 mm Hg and/or average diastolic BP (DBP) X90 mm Hg, and/or self-reported previous diagnosis of hypertension by a health professional staff and/or self-reported current treatment for hypertension with antihypertensive medications in the previous 2 weeks. Awareness of hypertension was defined as self-report of any prior diagnosis of hypertension by a health care professional among the population defined as having hypertension. Treatment of hypertension was defined as use of a prescription medication for management of their high BP at the time of the interview. Prevalence estimates of treatment among aware hypertensives and among all hypertensives are presented. Control of hypertension was defined as pharmacological treatment of hypertension associated with an average SBP o140 mm Hg and an average DBP o90 mm Hg. Prevalence estimates of control among treated hypertensives and among all hypertensives are presented.
Occupational status (main job of the participants) was classified into three groups: (1) experts and government staff (currently working in a state-run office or having retired from government work), (2) manual workers (farmers, building workers, unskilled workers and so on or having retired from those jobs because of old age) and (3) other jobs (housewives, small traders, housekeepers, handicraft makers and the jobless, and so on). Educational attainment was determined by years of schooling and level of graduates. For the purpose of this analysis, each subject was classified into one of three categories: (1) low level or less than primary school education level included people who were no more than graduates of primary school (o6 years of education); (2) medium level or primary and secondary educational level included attendees or graduates of primary and secondary school (X6 years but p9 years of education); (3) high level or higher educational level included high school and university attendees or graduates (49 years of education). Type of residence was determined according to the classification of regions and areas in Vietnam by the Vietnamese Government.
The prevention and control of CVD programme is a part of National Programme for Prevention and Control of Non-Communicable Diseases from the Vietnam Ministry of Health. The ethics committees and other relevant regulatory bodies in Vietnam approved this study. All participants were informing both the aims of the study and the personal interests and responsibilities. Informed consent was obtained from each participant before data collection. During the survey, the participants with untreated diseases or conditions identified during the examination were referred to their usual primary health care provider in local health stations.
Statistical analysis
The national survey of hypertension and its risk factors was designed to provide precise estimates of prevalence and mean levels of BP by age groups, gender, area of residence (urban vs rural) and region (lowland vs coastal, highland and city) among the adult population aged 25 years and over in Vietnam. The prevalences and mean levels of BP were weighted to represent the total Vietnamese adult population aged 25 years and over. For the analysis, study subjects were classified by gender, age, residence, education, occupation, any evidence of hypertension as previously defined, awareness of their condition, pharmaceutical therapy for it and effectiveness of treatment. Subsequently, odds ratios contrasting the indicated groups (those with hypertension vs normotension; among hypertensives, those with awareness of hypertension vs unawareness; among those aware, those treated vs untreated; among those treated, those effectively controlled vs uncontrolled) by gender, age, type of residence, educational level, occupation, marital status, family history of hypertension, regions, body mass index range and abdominal fat were estimated by modelling the data using multiple logistic regression in Stata 10 (Stata Corporation, College Station, TX, USA).
Results
Sample characteristics
Characteristics of the sample are summarised in Table 1 . The sample comprised 9823 participants with 26.2, 24.6, 24.8 and 24.4% from lowland, coastal, highland areas and cities, respectively. A total of 50.8% were from urban areas and the remaining 49.2% from rural areas. The mean age was 42.7 (standard deviation 11.0 years) and ranged from 25 to 100 years. Almost all participants were married (81.7%), most had primary or secondary school education (49.8%) and the most common occupation was manual work (64.5%). Approximately one fifth of men and women reported family histories of hypertension. The overall weighted prevalence of overweight was 11.8%, and 9.2% of the participants were obese. Abdominal fat was observed in 19.7% women and 3.9% of men (a significant difference, Po0.001).
Mean BP values
The gender-and age-specific mean BP levels for the total sample and for three subgroups defined by hypertension status are shown in Table 2 . Overall, the mean (± standard deviation) SBP was 121.0± 19.1 mm Hg and the mean DBP was 75.8 ± 11.5 mm Hg. Systolic and DBP increased progressively with age in males and females. Mean BP was slightly higher in males across all age groups. The mean SBP and DBP for normotensive participants were 34.6 and 14.8 mm Hg lower than the corresponding figures for those with treated hypertension, and 37.3 and 19.8 mm Hg lower than the corresponding figures for those with untreated hypertension. In contrast, individuals under antihypertensive treatment only showed SBP 2.7 mm Hg and DBP 5.0 mm Hg lower than corresponding values among individuals without anti-hypertensive treatment.
Distribution of BP
In Table 3 , the percentages of BP levels by gender and age groups are given according to the international classification system outlined above. Overall, 57.3% of men and 68.8% of women had optimal and normal BP, whereas the prevalence of high normal BP was 16.6% in men and 11.8% in women. The prevalence of stage 1, 2 and 3 hypertension was 16.6, 5.9 and 3.7% in men and 11.7, 5.1 and 2.6% in women, respectively, and significantly increased with age for participants of both sexes.
Prevalence of hypertension
The prevalence of hypertension according to gender, age groups, geographical regions and socio-physical determinants is presented in Table 4 . The overall prevalence of hypertension in Vietnamese adults was 25.1%, slightly higher in men than in women (28.3 vs 23.1%, Po0.001). Hypertension prevalence progressively increased with age in both sexes, and was higher among men in age groups up to 64 years than among women. However, women aged 65 and over had higher prevalences than men (58.2 vs 53.4%; and 70.5 vs 68.8%, respectively). In term of socio-geographical factors, the highest hypertension prevalence was seen in men living in cities (37.8%) and the lowest in women living in highland areas (17.1%). Hypertension prevalence was significantly higher in urban areas than in rural areas (32.7 vs 17.3%, Po0.001). Factors associated with hypertension prevalence After adjustment for age, sex, geographical region (lowland/other regions and urban/rural) and other factors, the odds for hypertension increased with age and were statistically higher in all age groups compared with the 25-34 age group (Table 5) . Multivariable logistic models were constructed to further analyse the association of hypertension and socio-geographical factors separately among men and women. As shown in Table 5 , age; having family histories of hypertension, living in urban areas, being underweight, overweight, obesity and having abdominal fat were significantly associated with hypertension for both men and women.
Awareness, treatment and control of hypertension Figure 1 , together with estimates extra- As shown in Table 6 , the odds for hypertension awareness were higher among people at least 45-years-old, who had family histories of hypertension, lived in urban areas, and who were underweight or overweight or obese. In contrast, men were less likely to be aware of their elevated BP. In all hypertensives that were aware of their high BP, the odds for hypertension treatment were higher among people who had low educational levels, family histories of hypertension or lived in urban areas.
Discussion
This study gives an important overview of hypertension in Vietnam, on the basis of a national sample. We found that one quarter of Vietnamese adults aged 25 years or over, amounting to approximately 11 million people, were hypertensive. Despite high levels of hypertension, there were relatively low levels of awareness, treatment and control. These results show higher prevalences than in previous studies (11.2% in 1992, 14 16 .3% in 2001, 15 16.9% among subjects aged 24-64 years in 2002, 16 14.1% in a rural community of Vietnam in 2002, 17 and 18.3% in 2005. 18 These findings indicate an increasing problem.
When comparing the prevalences of hypertension from this data with those from other studies, other factors that might contribute to any observed differences should be taken into consideration, such as differences in age structure between studied participants, geographical characteristics of the population, time of the study and standardisation of BP measurement instruments and procedures and so on Internationally, our findings are more similar to those from developed rather than developing countries. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Other international investigations have studied factors associated with prevalence, awareness, treatment and control of hypertension. [21] [22] [23] [28] [29] [30] [31] [33] [34] [35] Our results are consistent with several previous reports. The figure of awareness, treatment and control was lower than the average in high-income countries and similar to corresponding figures for low-and middle-income countries. 20 An important key predictor of hypertension in many populations is age, 36 as we also found. Prevalence of hypertension was more common in men, but awareness, treatment and control were higher in women. These findings were contrary to the studies in India in 1995 37 and in 
Body mass index, kg m 33 which showed that the prevalence of hypertension was as high among women as in men. Relationships between hypertension and educational level have been found in higher-income countries such as Canada, Netherlands, Sweden and United States of America 38 as well as in low-and middle-income countries such as China, 30 India, 25 Iran 39 and Mozambique. 40 Having a family history of hypertension is a wellknown risk factor for hypertension as we also found in this study, and it was also associated with greater awareness. The SUNSET study 34 and one other study in rural China showed that family history of hypertension was significantly associated with awareness, treatment and control of hypertension. 41 Hypertension prevalence among urban residents in this study was nearly twice that of those in rural areas. Similarly, cities and lowland regions had higher hypertension prevalences than coastal and highland regions. In Vietnam, lowland regions with provincial centres have experienced rapid industrialisation and modernisation in recent decades, leading to lifestyle changes towards western habits such as high-fat diets, smoking, alcohol consumption and work-related stress. These lifestyle changes may contribute to the development of high BP.
Hypertension in Vietnam
Our findings must be considered within the context of the investigation's limitations. Prevalence of hypertension may have been overestimated 42 and the control of elevated BP condition underestimated 42, because BP was measured only during a single visit. According to both WHO 9, 13 and Vietnam National Association of Cardiology guidelines, 11 hypertension should be defined based on the average of at least two or more BP readings taken at two or more visits after an initial screening. However, this should have minimal effects on within-sample comparisons and it is an inherent problem of large epidemiological investigations. 43 Important strengths of the present study are the large sample study, its nationwide scope and its general population coverage. As such, the results of the current study can be extrapolated to the general population. Our study is considerably larger than previous studies in Vietnam that have targeted population groups in specific provinces or geographical areas. In addition, the advantages of the current investigation include use of a standard protocol with strong quality control procedures for measurement of BP and collection of a wide array of socio-geographical characteristics, which permitted to have a comprehensive analysis of factors associated with prevalence, awareness, treatment and control of hypertension in the general population in Vietnam.
The high prevalence of hypertension coupled with unacceptably low proportions of awareness, treatment and control has extremely important implications for public health staff, physicians, health care providers and health policy decision makers in Vietnam, particularly for initiatives such as the National Programme for Prevention and Control of Non-communicable Diseases, the National Targeted Programme for Prevention and Control of CVD. The high prevalence of hypertension in Vietnam mandates both a population-based strategy, to prevent this status and reduce mean BP, and a clinical strategy, to treat and manage those people with established hypertension or its complications such as stroke, myocardial infarction and heart failure. Such efforts include using the mass media to educate the general population, educating children and students, and providing leadership from social and professional organisations to promote healthy lifestyles. Traditionally, public health staff have focused their attention almost entirely on infectious and parasitic diseases, immunisation and vaccination programmes and on maternal and child health. The early detection and treatment of hypertension, especially salt reduction and tobacco control 44 as well as other cardiovascular risk factors, must become a central focus of their health promotion and prevention efforts. It is not clear that pharmacotherapy is the most effective strategy for all, particularly at younger ages. However, wider use of cost-effective medications (low-price diuretics, low-price calcium-channel blockers, beta-blockers, aspirin and so on) 45 has an important role. Scaling up the coverage of evidence-based interventions above current levels using a multi-drug regime limited to individuals accessing health services, is the only cost-effective clinical intervention that has been shown to be cost-effective in low-and middleincome countries. Treatment with off patent drugs of such individuals at high absolute risk of a CVD event (15% risk over 10 years) and based on the presence of easily measured risk factors (including, but not only, BP), has the potential to prevent 266 000 deaths in Vietnam over 10 years at a cost of 0.66 USD per person per year. 46, 47 Voluntary salt reduction, combined with tobacco control, if widely applied could prevent a further 248 000 deaths in Vietnam over 10 years at a cost of 0.16 USD per person per year. Finally, health policy makers must be alerted to the clinical, public health and economic consequences of hypertension, as well as the risk factors associated with the emerging epidemic of cardiovascular disease in Vietnam, as a basis for developing policies and ensuring appropriate allocation of resources. Our extrapolations revealed an estimated 9.8 million Vietnamese aged 25 and over at a health disadvantage associated with elevated BP, including 5.7 million hypertensives unaware of their high BP status, 2.1 million people aware but untreated and 2.0 million treated but not controlled (Figure 1) . Successfully changing this situation will require comprehensive public health actions, which combine preventions and interventions at the population and individual levels. 1, 47 Like other low-and middle-income countries, Vietnam is facing a double burden of disease (communicable and noncommunicable) and financial challenges. Successfully tackling the massive burden of disease associated with hypertension will be financially, logistically and organisationally challenging. However, given the future impact of hypertension on the health of the economically active adult population in a rapidly emerging economy, the country cannot afford to neglect this issue. Vietnam can benefit from the experiences of other countries 1, 2, 44, 46, [48] [49] [50] that have designed and implemented successful programs leading to a reduction in hypertension as well as other cardiovascular risk factors. Further work is needed to guide strategies for preventing and managing hypertension in Vietnam in cost-effective and scientific ways for a low-and middle-income country, with rapid epidemiological and health transitions.
In conclusion, the national survey on hypertension and its risk factors indicated that hypertension is a major and increasing public health problem in Vietnam. Effective national targeted programs to improve the prevention, early detection and comprehensive treatment of hypertension and other cardiovascular risk factors are urgently needed in Vietnam.
